INTRODUCTION
Affinity of two surviving Baltic languages implies a preconcieved provision of two similar sound systems 1 . Both contemporary Baltic languages have many similarities, for example, phonological opposition of long and short vowels, a large number of diphthongs, and a pitch accent system; however, Lithuanian and Latvian sound systems have some significant differences, too (cf. E n d z e l i n 1971; LG 1997, 24-39 LVG 2013, 41-44, 75-79, etc.) .
Until recently, mostly separate characteristics of the vowels of contemporary Standard Lithuanian and Standard Latvian employing more or less similar methodology have been examined. For example, the first extensive acoustic analysis (based on the results of experimental research) of unstressed vowels in Standard Baltic languages was presented by Lidija K a u k ė n i e n ė in her doctoral thesis (2004a): mainly various trisyllabic Lithuanian and Latvian words have been investigated to analyze the vowels in the pre-stressed and post-stressed position. Afterwards the spectra of pre-stressed and poststressed vowels had been compared with the spectra of the corresponding stressed vowels, it was stated that in both languages unstressed vowels are reduced both qualitatively and quantitatively. The conclusions of that study suggest that the phonetic reduction is more distinct in Lithuanian than in the Latvian language. Both stress and the vowel's position with respect to stress make an impact on the quality and quantity of the vowels.
Some prosodic features of stressed monophthongs both in Standard Lithuanian and Standard Latvian were analyzed by Robertas Ku d i r k a (2005) . The analysis of the spectrograms was based on investigation and description of the following attributes of the monophthongs: fundamental frequency, intensity, duration, and formant values. To carry out a comparison of the named features, mainly disyllabic Lithuanian and Latvian words accented on the first syllable were studied.
In the present article, some intermediate results of the research project "Acoustic characteristics of the sounds of the contemporary Baltic languages (experimental study)" 2 have been analyzed, i. e., the qualitative features of monophthongs of the contemporary Baltic languages pronounced in isolation are described. On the one hand such a production of vowels do not represent a pronunciation in everyday speech, while on the other hand their production is probably the closest to the acoustic and auditory monophthong targets determined by our mental prototypes.
The necessity to study and compare spectral structure of Lithuanian and corresponding Latvian isolated vowels using the same research methods could be explained as follows:
1) vowels produced in zero context 3 have not been studied and compared yet using the same methods and equipment that would permit a reliable comparison of phonetic inventories (quality similarities and differences) of both languages; 2) a comparison of the spectral characteristics of the isolated Lithuanian and the Latvian vowels will create a base for further corresponding 2 The project Acoustic characteristics of the sounds of the contemporary Baltic languages (experimental study) (agreement No. MIP-081/2013 ) is funded by the Research Council of Lithuania and is carried out at the Institute of the Lithuanian Language.
3 This type of production represents natural hyper-articulation and differs from production of the cardinal vowels (recordings of these vowels by Daniel Jones and others are available commercially) which have artificial articulation and are purposefully made by following a set of articulatory instructions, or isolated vowels of any language produced like cardinals (cf. R o c a, Jo h n s o n 1999, 114-140; K a u k ė n i e n ė 2004b). Since cardinal vowels are idealized vowel sounds (cf. J a s s e m 1973, 190, table 13.1), they do not therefore necessarily correspond to the real vowels of any natural language or dialect (cf. L a d e f o g e d 1975, [194] [195] [196] [197] [198] [199] ; M u r i n i e n ė 1998; R o c a, Jo h n s o n 1999, 126; B a c e v i č i ū t ė 2000; L e s k a u s k a i t ė 2000; K a u k ė n i e n ė 2004b; U r b a n av i č i e n ė 2004; J a r o s l av i e n ė 2011, etc.).
comparative research of the sounds (allophonic variation of the phonemes) in both contemporary Baltic languages; 3) it would be a possibility to find out if analyzing isolated vowels may allow to define the acoustic targets, information of which might be important for the description of the sound system of any language. The aim of the study The aim of this paper is to describe and compare the main qualitative features (based on analysis of spectral characteristics and some of acoustic features) of the Lithuanian and the Latvian long and short monophthongs (i. e., vowels of uniform articulation 4 ) pronounced in isolation by 12 male informants (20 to 50 years old).
Research material and the methods applied
The following sounds pronounced in zero context have been analyzed (IPA symbols are used in the present article):
Lithuanian vowels /ɩ 5 , ɛ, a, ɔ, ɷ 6 , iː, eː, aeː, ɑː, oː, uː/ (corresponding traditional Lithuanian phonetic symbols would be /i, e, a, ɔ, u, i·, ·, e·, a·, o·, u·/ accordingly) and Latvian vowel /i, e, ae, ɑ, ɔ, u, iː, eː, aeː, ɑː, ɔː, uː/ (corresponding traditional Latvian phonetic symbols would be /i, e, ȩ, a, o, u, ī, ē, , ā, ō, ū/ accordingly) .
For this paper recordings (1944 items were selected and analyzed in total) of 6 native Lithuanian and 6 native Latvian male informants (having faultless articulation) were used. All informants are speakers of standard language. In this study the standard language is considered as a standardized language (generally the most formal version of the language) used for the needs of public life and culture (cf. LKE 1999, 87) .
The material for research was recorded in closed premises using an Audio recorder (Tascam HD-P2) as well as a directional headset condenser microphone (AKG C 520). The given material was pronounced in a habitual speed and the most possible neutral way. All the Lithuanian and Latvian recordings were further transferred to computer memory and saved using the .wav file format. Segmentation of the analyzed elements was performed using the following sound processing and analysis software programs: an open source tool for sound analysis, visualization and manipulation WaveSurfer 1.8.8.p4 (developed by Kåre S j ö l a n d e r and Jonas B e s kow) as well as the program Praat 5.3.63 and its later versions (developed by Paul B o e r s m a and David We e n i n k). The qualitative vocalic features were studied instrumentally on the basis of the purest excerpt of the Lithuanian and Latvian monophthongs: steady state was measured to determine the frequency values (in hertz (Hz)) of the first four formants (F1, F2, F3, and F4) 7 . MS Excel (for example, such functions as AVERAGE, SUM, MIN, MAX, STDEV, CONFIDENCE, T.TEST, etc.) was applied for further evaluation of the experimental data, i. e., there were statistical means (in Hz, z), standard deviation (SD, in Hz), coefficient of variation (cv, in %), the lowest and the highest values (in Hz), the coefficient of variation (in %), confidence intervals (in Hz; significance level = 0.001 8 ) and the range of lowest and highest values (in Hz) calculated, also the values of F2' (in bark units (z)) were calculated using Anthony Bladon and Gunnar Fant's formula (B l a d o n, F a n t 1978, 3):
where c is calculated using values B 2 =67 Hz un K(f)=12 · F2/1400 according to formula: 1   1  1  1   2  2   4  3  2  3  4   2  4  2  2  2  3  2  2  2  2  2  1  2 
thus taking into account the influence of formants higher than F2 upon the perceptual quality of each monophthong. For the graphical representations, both the traditional acoustic F2/F1 plane (in Hz) and the psycho-physical 9 F2'/F1 plane 10 (in z) were used in this paper (the mean value of the second formant of each vowel determins its coordinates on abscissae axis, while the mean value of the first formant -on ordinate axis). The transformation of the measured formant values (in Hz) into psycho-physical units (i. e. to bark (z) units) has been performed using Hartmut Traunmüller's formula 11 (see Tr a u n m ü l l e r 1988, 97):
The size of the monophthong symbols on the psycho-physical F2'/F1 plane is chosen so that they are represented by circles with the diameter 1 z, thus showing the zones of the equal perceptual quality (cf. I ivo n e n 1987).
The Reviewing interrelations between vowels of a single language (Lithuanian or Latvian), the mean data acquired in this study is compared with the data of some previous studies (see Figures 4 and 8) .
To compare the general tendencies of the relations between Lithuanian and corresponding Latvian long and short monophthongs pronounced in 9 The best representation of the vowel system is by using some scale that takes into account the peculiarities of human hearing. The Bark scale has been used in this article. This was done to achieve a more even spacing of vowels along the horizontal and vertical axis taking into account the logarithmic nature of perception (G r i g o r j e v s 2013, 303).
10 To account for the influence of the higher formants upon the perception of the vowel quality and to depict vowels on the two-dimensional vowel plane Gunnar Fant suggested using values of the first formant (F1) and the effective second formant (F2′) calculating F2′ from measured F1, F2, F3 and F4 (F a n t 1983, 7; B l a d o n, F a n t 1978, 3; also see G r i g o r j e v s 2013, 304-308).
11 In this formula z is the value of Critical Bands in barks, and f is frequency in hertz.
isolation more precisely, the program FORMANT2.PAS 12 was also usedaccording to the mean values of F1, F2, and F3 (Hz) the following acoustic parameters (numeric values) were calculated: flatness (Lith. bemoliškumas), compactness (Lith. kompaktiškumas), tenseness (Lith. įtempimas), and graveness or acuteness (Lith. tonalumas) (see Tables 2, 4 ).
The analysis of both languages has been based on the objective methods. The study embraces experimental, descriptive, and comparative approaches.
RESULTS AND DISCUSSION
The analysis of spectral characteristics and distinctive qualitative features of the Lithuanian monophthongs produced in zero context
The vowel system of Standard Lithuanian consists of long /iː, eː, aeː, ɑː, oː, uː, iɛ, uɔ/ and short /ɩ, (<e>), ɛ, a, <ɔ>, ɷ/ (LG 1997, 28 32-35, etc.) . In the present paper, as it was mentioned above, Lithuanian /iː, eː, aeː, ɑː, oː, uː, ɩ, ɛ, a, ɔ, ɷ/ were selected to be analyzed. The allophonic variation of the phonemes (influence of palatalized consonants, stress and syllabic tonemes) will be studied separately in further research.
To review the general tendencies of the Lithuanian long and short vowels, the individual data of all 6 Lithuanian male informants (speakers) should be shortly described first (see Figure 1 and examples of the spectrograms in Figures 2.1-2.12).
As can be seen in Figure 1 Figures 1 and 3) , the distance between the lowest (min) and the highest (max) values of the F1, F2 and F3 (in Hz), coefficient of variation (in percent) and the confidence intervals (in Hz) are going to be discussed to acquire a better understanding of the acoustic properties of vowels.
Comparing the distances from the lowest to the highest value for each formant of the Lithuanian vowels, the largest distances between values of F1 min and F1 max were observed for vowels [ɑː] The estimated coefficient of variation proves that the mean values of the first formant of the Lithuanian vowels pronounced in isolation ranges from 4% to 9%, the mean values of the second formant ranges from 3% to 7% and the mean values of the third formant -merely from 2% to 6% (see Table 1 ).
The confidence intervals calculated for the formant (F1, as well as F2) values of the Lithuanian long and corresponding short vowels do not overlap (chosen significance level is 0.001), what leads to the conclusion that the quality of long and the corresponding short vowels pronounced in isolation varies statistically significantly. The Student's t-Test confirms 13 that there is a statistically significant difference (significance level 0.05) between the values of the F1 (as well as F2, except F2 of [ɛ] and [aeː] ) of the long and the corresponding short Lithuanian vowels. Graphical representation in the psycho-physical F2´/F1 (z) plane (see Figure 3b ) also reveals significant differences between the long and the corresponding short monophthongs.
Ta b l e 1. Lithuanian vowels produced in zero context by 6 male speakers: statistical means of the formants (Hz), the lowest (min) and the highest (max) values of the formants (Hz), standard deviation (SD, in Hz), coefficient of variation (cv, in %), and the confidence intervals (Hz) The mean values of the first three formants could be used to calculate the acoustic parameters associated with the features "acute"-"grave", "compact"-"diffuse", "flat"-"plain" and "tense"-"lax" (see Table 2 [uɔ] ) are realized by two types of allophones: before those vowels both hard and palatalized consonants (and /j/) can occur. After palatalized consonants (and /j/) fronted (i. e. "sharp") allophones are used: at the beginning of their pronunciation, the tongue is well advanced, but then generally pulls back to the position of the basic (i. e. "plain") allophones (cf. G i r d e n i s 2003, 192 and the reference mentioned there, 229; J a r o s l a v i e n ė 2014, 76-77, etc.). In the current article, the spectrum of basic ("pure" back) allophones is analyzed.
The analysis of the sound spectra shows that acoustic properties of the sound are related to the position of the tongue or mouth opening: the lower the tongue is positioned while pronouncing a vowel, the higher its first formant is. As examples of the spectrograms and Figures 1 and 3 , as well as Tables  1 and 2 In accordance with the position of both formants, isolated Lithuanian monophthongs can be divided by the degree of compactness (or diffuseness, which is inversely proportional to compactness). As it is provided in the Tables  1 and 2 (compare Figures 1 and 3) , the most compact sound is [ɑː]: as it was already mentioned at the beginning of this section (review of the spectrum of vowels, according to the formants and their structure of individual speakers), in the acoustic space the first two formants of this vowel are little remote from each other and from the central part of the spectrum in general (numeric value of [ɑː] compactness is 932). In the margins of the spectrum [iː] and [uː] are located as non-compact and the most diffuse sounds (their spectral energy is dispersed in the margins of the spectrum, and compactness numeric values are from 719 to 869 respectively). Among the short vowels the most compact is the low-timbre [a] (index of compactness is 900), and in the marginal part of the spectrum, but not so peripherally as the long monophthongs [iː] As it was already mentioned, spectral characteristics of vowels are closely associated with potential articulatory properties (see acoustic plane in Hz in Figure 3a and psycho-physical plane in z in Figure 3b ; also compare Figure 1 ).
The second formant represents tongue advancement (the positions of the highest point of the tongue in the mouth in the front-back dimension, or more precisely, the resonating chamber formed between the place of tongue height and the lips) (G r i g o r j ev s 2012, 166; also see G i rd e n i s 2003, 223, etc.) Reviewing interrelations between Lithuanian vowels, the mean data of this study was compared with the data of some previous research by Aleksas Girdenis (see data in G i rd e n i s 2003, 222, Table 25 ) and Lidija Kaukėnienė (see K a u k ė n i e n ė 2004b, 201, Table 1 ). The data (see Figure 4) shows that most vowels analyzed in this study more or less occupy in acoustic plane the similar position compared with the vowels of the previous studies. It can be observed that qualitative characteristics of the Lithuanian short and corresponding long vowels differ significantly: short vowels of different studies are centralized (shifted to the central part of the acoustic plane) in comparison to the placement of the corresponding long vowels.
Despite the fact that the mean values of F1 and F2 of Lithuanian vowels obtained in different studies vary (Figure 4) , the general tendencies of vowel interrelation remain the same and vowel classification follows the same pattern.
The analysis of spectral characteristics and distinctive qualitative features of the Latvian monophthongs produced in zero context
The monophthong system of Standard Latvian consists of 12 phonemes 16 : /i, e, ae, ɑ, ɔ, u, iː, eː, aeː, ɑː, ɔː, uː/ (L a u a 1997, 12-25; LVG 2013, 37-44), where /ɔː/ and /ɔ/ occur in recent loan words only (L a u a 1997, 20) without stable phonological function of the length. The main qualitative features of the Latvian monophthongs produced in isolation are going to be described in the present section.
It can be seen on the acoustic F2/F1 (Hz) planes (see Figure 5 ) that although the placement of vowels varies for each speaker, the vowel systems follow the same pattern, and in all cases markers of long and short monophthongs overlap demonstrating very little difference in their acoustic quality. The similarity of the acoustic quality of long and short monophthongs can be also observed in the dynamic spectrograms (Figures 6.1-6 .12) and in the numeric values of formants (Table 3) . 16 The vocalic inventory of Standard Latvian consists of 22 phonemes -12 monophthongs and 10 diphthongs (L a u a 1997, 12). Inspecting the numeric values of the first three formants (Table 3, Figure 5 ) it can be observed that: According to the mean values of the formants and statistical data summarized in the Table 3 (also compare Figures 5 and 7) , the distance between the lowest (min) and the highest (max) values of the F1, F2 and F3 (in Hz), coefficient of variation (in percent) and the confidence intervals (in Hz) are going to be discussed to acquire a better understanding of the acoustic properties of vowels.
Comparing Table 3) .
The estimated coefficient of variation (in percent) indicates that the mean values of the first formant vary from 6% to 11%, which suggests the largest variation, while coefficients for the second and the third formant (similarly to the Lithuanian monophthongs) vary less, i. e. F2 -from 3% to 7%, and F3 -from 2% to 6% (Table 3 19 Although, as in the case of the Lithuanian language, confidence intervals of the third formant of the long and corresponding short vowels tend to be contiguous or overlap.
However, the Student's t-Test analysis as well as the graphical representation of monophthongs in the psychophysical plane (Figure 7b) (Figure 7b ) reveals that the Latvian long and Ta b l e 3. Latvian vowels produced in zero context by 6 male speakers: statistical means of the formants (Hz), the lowest (min) and the highest (max) values of the formants (Hz), standard deviation (SD, in Hz), coefficient of variation (cv, in %), and the confidence intervals (Hz) corresponding short monophthongs differ less than 1 z, which also indicates that the long and corresponding short vowels pronounced in isolation have very close perceptual quality (cf. I ivo n e n 1987). The fact that the long and the corresponding short Latvian vowels are qualitatively similar (although not completely identical) to a great extent is supported by the acoustic parameters (Table 4) , computed from the first three formants of every vowel, too. According to the height of timbre, it is possible to set apart acute and grave sounds. Latvian monophthongs [ɑ(ː)], [ɔ(ː) ] and [u(ː)] can be characterized as low-timbre, i.e. grave sounds, because they are separated from the others by their second formant located below 1500 Hz and their negative numeric values of graveness (Table 4) . It should be noted that long vowels (the same as in Lithuanian language) are characterized by larger amount of graveness (and lower value of F2) 20 than the corresponding short ones: index of graveness for [ɑː] is -156 (cf. F2 = 1085 Hz), but for [ɑ] it is -136 (cf. F2 = 1129 Hz); for [ɔː] it is -224 (cf. F2 = 833 Hz), but for [ɔ] it is -220 (cf. F2 = 870 Hz); for [uː] it is -244 (cf. F2 = 611 Hz), but for [u] it is -218 (cf. F2 = 647 Hz). The largest difference between the numeric values of graveness (26) Hz distinguishing low-timbre/grave vowels from high-timbre/acute ones and could suggest interpreting these monophthongs as being neither low-nor high-timbre, whereas the positive values of graveness suggest that they belong to the group of high-timbre, i.e. acute vowels. According to the position of both first formants, isolated Latvian monophthongs could be divided by the level of compactness (vs. diffuseness). As it is provided in the It can be noted that (as in the Lithuanian) the highest numeric value of flatness is characteristic to flat (rounded) low-timbre/grave sounds: it is 116 for [u(ː)] and 111 for [ɔ(ː) The numeric values of tenseness in Table 4 [ɔ(ː) ] the numeric value of this index is similar or higher in case of short monophthongs. All this indicates that tenseness is not a feature essential for classification of the Latvian monophthongs.
As it can be observed in Figure 7b , the variation between long and corresponding short vowels is very small being the largest (and statistically significant) for back monophthongs [ɑ] and [ɑː] , [uː] and [u] , and especially [ɔ] and [ɔː] , though even the differences in the perceptual quality of [ɔ] and [ɔː] do not exceed ½ z 21 . In acoustic (in Hz, Figure 7a ) and psycho-physical (in z, Figure 7b) [ɔ] , [uː] and [u] should be regarded as back monophthongs as the tongue shifts to the back part of the mouth in pronunciation. The height of the first formant and its proximity to the upper formants defines the amount of spectral energy between peaks and the relative predominance of one centrally located formant region (J a ko b s o n et al. 1963, 27 [ɔ(ː) ] should be considered as mid vowels (neither diffuse nor compact).
The tendencies discussed above correspond to a great extent to the observations made in other studies of the isolated monophthongs of Standard Latvian (e. g. G r i g o r j ev s 2008, 34-37, 100; 2012, 157, 180) . If the data acquired during the present study and studies by Juris Grigorjevs (see G r i g o r j ev s 2008, 34, Table 1 ) and Lidija Kaukėnienė (see K a u k ė n i e n ė 2004b, 201, Table 2 ) are plotted in the same acoustic F2/F1 (Hz) plane (see Figure 8) , it can be easily noticed that despite some inter-speaker differences vowel systems of all studies follow the same pattern. The main difference in the results of the earlier studies is that monophthongs 
GENERAL CONCLUSION
Comparing spectral features as well as inspecting the numeric values of the formants and acoustic parameters (cf. Figures 1-3 , 5-7, Tables 1-2, 3-4), the following qualitative similarities and differences among Lithuanian and corresponding Latvian monophthongs can be observed.
• To summarize the comparison of spectral characteristics and registered acoustic parameters (their calculated mean values) it can be seen that the long and especially corresponding short Lithuanian and Latvian vowels vary, though in general vowel interrelations in both language systems are similar.
To compare the quality relations of long and short monophthongs in the Lithuanian and the Latvian languages more precisely the mean values for all male informants (speakers) of each language were used to create vowel plots in psycho-physical F2´/F1 (in z) plane (see Figure 9 ).
It can be clearly seen that the symbols for short (dark grey) and long (black) Latvian monophthongs overlap to a great extent (while not completely), the largest difference is observed in quality of [ɔ] and [ɔː] , but even it does not exceed 1 z between the centers of their zones. The symbols for short Lithuanian monophthongs (white symbols) demonstrate a considerable amount of acoustic centralization in comparison to their long counterparts (light grey symbols). The distances between the centers of the long and the short Lithuanian monophthongs exceed 1 z, thus signalizing about the difference of their perceptual quality, and these distances increase in direction from the open to the close monophthongs. Actually the results of the present study confirm the general tendency that qualitative characteristics of the Lithuanian long and corresponding short vowels differ to a great extent.
Despite the fact the quality of Latvian monophthongs produced in isolation varies very little (Figure 9 , Tables 3-4) and statistical analysis of the spectral characteristics shows contradictory results, spectral structure of long and corresponding short counterparts can be perceived differently: all the long vowels have lower F1 mean, F1 min , F1 max as well as F2 mean, F2 min (except [i] The mean data acquired in this study for Lithuanian and Latvian speakers show similar tendencies which in general correspond to those acquired in F i g u r e 9. The mean data of the Lithuanian and the Latvian monophthongs acquired in the present study in the psycho-physical F2´/F1 (z) plane: Lithuanian long vowels -light grey symbols, short vowels -white symbols; Latvian long vowelsblack symbols, Latvian short vowels -dark grey symbols.
